Objectives: To evaluate the relationship between abdominal obesity and microalbuminuria (MA) in normotensive, euglycemic Korean men. Design: A cross-sectional study at a health screening center. Subjects: A total of 1321 healthy, normotensive Korean men, aged 20-78 years, with a fasting plasma glucose level o100 mg/dl. Measurements: Height, weight, and waist; systolic blood pressure (SBP); diastolic blood pressures (DBP); urinary albumin to creatinine ratio (ACR); fasting glucose, insulin, lipids, C-reactive protein (CRP), and white blood cell count. Waist circumference (WC) was used to indicate abdominal obesity and a single measurement of ACR was used to estimate MA. We also calculated body mass index (BMI) based on weight and height. Results: Mean BMI, WC, and SBP were significantly higher in subjects with MA than in those without (24.874.1 vs 23.872.7 kg/m 2 , 8679 vs 8378 cm, and 11575 vs 11277 mmHg, respectively). Multiple logistic regression analyses showed that only WC and SBP were independent predictors of MA. Conclusion: WC and SBP were positively associated with MA in normotensive and euglycemic Korean men.
Introduction
Microalbuminuria (MA) is associated with adverse health outcomes in diabetic and hypertensive adults. 1 The prevalence of MA has been reported at 10-42% in persons with diabetes type 2, 2 and at 11-40% in those with hypertension. 3, 4 An appreciable prevalence of MA (5-9.7%) has been found in those without diabetes, hypertension, or cardiovascular disease. [5] [6] [7] Furthermore, MA has been used to predict cardiovascular morbidity and mortality even in apparently healthy people. [5] [6] [7] [8] However, at present it is unclear what underlies the relationship between MA and increased cardiovascular morbidity and mortality. Several studies have suggested that insulin resistance (IR) could be associated with MA. [9] [10] [11] Studies of glucose-tolerant subjects suggested that IR is not always associated with MA. [12] [13] [14] Some studies suggested that abdominal obesity is independently associated with MA, [15] [16] [17] [18] [19] [20] whereas others
showed that abdominal obesity is not related to the albuminuria level. 12, 13 The latter studies may have been biased by factors such as a small sample size and the former studies did not exclude subjects with high-normal blood pressure or hypertension. Studies found association between elevated blood pressure and MA. [21] [22] [23] Therefore, it is not clear if abdominal obesity alone or the presence of competing risk factors, such as high-normal blood pressure or IR, is associated with MA. Few reports examed the association between MA and abdominal obesity in apparently healthy subjects, particularly euglycemic and normotensive subjects. Therefore, the present cross-sectional study of apparently healthy Korean men examined whether metabolic risk factors were associated with MA.
Methods

Subjects
The cross-sectional study included 1321 of 2673 Korean men, aged 20-78 years, who underwent medical screening at the Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine from January to December 2004. Women were excluded due to a low number of females in the database (o30% of the total subjects) and due to menstruation as a source for false-positive measurements of urinary albumin excretion.
A total of 1352 men were excluded: 63 due to a history of diabetes mellitus, 123 due to a history of hypertension, 24 due to abnormal renal function (serum creatinine 41.3 mg/dl), 13 due to dipstick-positive proteinuria or albumin to creatinine ratio (ACR)X300 mg/mg, 36 due to a history of acute or chronic medical illness, 36 due to a history of cardiovascular disease, and 205 due to current uses of antihypertensives, antidiabetics, and antihyperlipidemics. The study also excluded 404 men with a systolic blood pressure (SBP)4120 mmHg or diastolic blood pressure 480 mmHg, and 484 with fasting glucose X100 mg/dl. According to the recent recommendation by the expert committee on the diagnosis and classification of diabetes mellitus, those with fasting glucose X100 mg/dl are not euglycemic. 24 The Institutional Review Board at Kangbuk Samsung Hospital approved this study.
Measurements and definitions
Height and weight were measured after an overnight fast. Body mass index (BMI) was calculated as the weight (kg) divided by the square of the height (m). Waist circumference (WC) was measured by two trained personnel, to the nearest 0.1 cm at the midpoint between the bottom of the rib cage and the top of the iliac crest with the subjects standing, their weight equally distributed on both feet, their arms at their sides, and head facing straight forward. Trained nurses measured the blood pressure with the subjects in a sitting position using a standard mercury sphygmomanometer. The first and fifth Korotkoff sounds were used to estimate the SBP and diastolic blood pressure (DBP). The average of two readings was used for all analyses.
After a 12-h fast, serum glucose, total cholesterol, LDLcholesterol, triglyceride, and HDL-cholesterol levels were determined using an antoanalyzer (Advia 1650 Autoanalyzer, Bayer Diagnostics, Leverkusen, Germany). An immunonephelometry assay (Dade Behring, Marburg, Germany) was used to determine high sensitivity C-reactive protein (CRP) concentrations with a detection limit of 0.175 mg/l. The maximum inter-and intra-assay coefficients of variation (CVs) for the range of concentrations were 5.7 and 4.4% for the CRP. The CRP values were highly skewed, and were normalized by a logarithmic transformation for all analyses. Serum insulin level was measured using an immunoradiometric assay (Biosource, Belgium). The maximum inter-and intra-assay CVs for the range of insulin concentrations were 12.2 and 4.5%, respectively.
A spot morning urine sample per subject was collected after an overnight fast. Urinary creatinine level was determined using the Jaffe method. Urinary albumin concentration was measured using the radioimmunoassay (Immunotech, Beckman Coulter Company) with a detection limit of 0.5 mg/l. The variability coefficients were 1-6% for the intra-assay variability and o10% for the interassay variability.
We considered persons reporting that they smoked to be current smokers. Abdominal obesity was defined as WC 40.9 m based on the Asia-Pacific criteria. 25 The insulin sensitivity index was based on the Homeostasis Model Assessment (HOMA) calculated according to the formula;
HOMA ¼ ½fasting insulin ðmIU=mlÞÂfasting glycemia ðmmol=lÞ=22:5
We calculated the urinary albumin (mg/ml) to creatinine (mg/ml) ratios (ACR), and defined MA as an ACR between 30 and 300 mg/mg.
Statistical analyses
All statistical analyses were performed using the SPSS (version 10.0) software package. The results are shown as the mean7s.d., or the absolute number (percentages). w 2 tests or Student's t-tests were used to examine the differences between two proportions or means, respectively. Even if ACR was transformed into a logarithm value, logarithm-transformed ACR was not normally distributed. Therefore, categorical data analyses (logistic regression analyses of MA as the dichotomous variable) were used to estimate associations between all variables and MA. Following univariate analyses, multivariate logistic regression analyses, using a backward procedure based on the likelihood ratio, were performed to identify the independent risk factors for MA. The criterion for variable removal and entry was set up to 0.10 and 0.05, respectively. Hosmer and Lemeshow statistics were used to assess the fit of the logistic regression models. Both final models passed the goodness-of-fit test. The odds ratio (OR) with 95% confidence intervals (95% CI) was estimated. P-values o0.05 were considered significant.
Results
Of the 1321 subjects, 32 (2.4%) had MA. The MA subjects had significantly higher BMI, WC, and SBP than the subjects
Abdominal obesity and microalbuminuria Y Chang et al without MA (Table 1) . According to the Asia-Pacific criteria, eight (0.4%) subjects had the metabolic syndrome, and none of these eight subjects had MA. None of the subjects had the metabolic syndrome as defined by the National Cholesterol Education Program Adult Treatment Panel. 26 Univariate logistic regression analyses showed a significant association between WC and SBP as independent variables and MA as dependent variable (Po0.05) ( Table 2) . They also showed a positive association between BMI and MA (OR 1.15; 95% CI, 1.02-1.31; P ¼ 0.03). However, WC and BMI were highly correlated (r ¼ 0.87, Po0.01 ). Since WC had a stronger association with ACR compared with the BMI (Spearman r ¼ 0.11, Po0.01 for WC; r ¼ 0.07, P ¼ 0.01 for BMI; age-and BMI-adjusted r ¼ 0.07, P ¼ 0.01 for WC), WC but not BMI was included in the multiple regression analyses ( Table 2) .
The multiple logistic regression included smoking status, age, WC, abdominal obesity, SBP, DBP, triglycerides, HDLcholesterol, LDL-cholesterol, CRP, glucose, HOMA values, insulin as independent variables and MA as dependent variable.
In multiple logistic regression analyses without abdominal obesity as independent variable, WC and SBP were significantly associated with MA. In analyses including abdominal obesity as an independent variable, abdominal obesity and SBP were significantly associated with MA. HOMA: homeostasis model assessement index. The table shows odds ratio and 95% confidence interval (P-value): The regression analyses of Model 1 included age, smoking status, waist circumference, systolic blood pressure, diastolic blood pressure, triglycerides, HDL-cholesterol, LDL-cholesterol, glucose, HOMA and insulin but not abdominal obesity as independent variables. The regression analyses of Model 2 added abdominal obesity as independent variable. *Log-transformed values were used for listed analyses.
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Discussion
In the present study of normotensive and euglycemic Korean men, abdominal obesity and SBP were significantly associated with MA in multiple logistic regression analyses adjusting for BMI, DBP, CRP, glucose, and IR. Previous studies have shown that obesity is associated with MA. 22, [27] [28] [29] However, in our study, WC and abdominal obesity had a significant association with MA whereas BMI had not. Similarly, several studies have suggested a differential effect according to body morphology. [15] [16] [17] [18] [19] [20] The prevalence of MA among the study subjects was lower than that reported for a study of the general population. [5] [6] [7] This is expected following the selection criteria for the study.
Also previous studies found an independent association between SBP and MA, both in non-diabetic and diabetic subjects. 23, 29, 30 Complementarily, our study showed that a high SBP within the normotensive SBP range was associated with MA. Thus our study supports that high SBP below the cutoff limit for hypertension can influence the health negatively.
With respect to other risk factors, no independent association between HOMA and MA was found in the study subjects, possibly due to the large s.e. and the wide CI. The relationship between ACR and IR in apparently healthy subjects is a matter of debate. Although several studies have suggested that obesity and hyperinsulinemia are associated with an increased albumin excretion rate and that IR might be related to MA among the non-diabetic population, [9] [10] [11] most of these studies were performed without excluding prediabetic subjects. On the other hand, contradictory results derived from apparently healthy, glucose-tolerant subjects suggest that MA is not necessarily related to IR. [12] [13] [14] [15] In the present study, apparently healthy subjects were carefully selected based on a fasting plasma glucose o100 mg/dl and having a normal blood pressure. The data supports a lack of relationship between MA and IR as assessed from the HOMA model. Likewise, CRP and triglyceride showed no significantly independent associations between those with and without MA, possibly due to the large s.e. and wide CI. Although the selection of exclusively healthy subjects might have attenuated the relationships between all risk factors and MA, significant associations between SBP and WC on MA were still shown. Therefore, abdominal obesity and high SBP can be more important in the early phase of renal dysfunction than diastolic blood pressure, IR, glucose levels, triglycerides, and low-grade inflammation measured as CRP.
The study has limitations. First, abdominal adiposity was not assessed by more accurate methods, such as computed tomography, dual-energy X-ray absorptiometry, and magnetic resonance imaging as they are costly and not practical for routine clinical practice. They have, thus yet, been used mainly for research purposes. Second, we undertook only a single blood pressure measurement that does not take into account day-to-day variability and white coat blood pressure effect. The use of a single urine measurement might have caused misclassification. 31 The definition of IR in this study was based on only a single insulin measurement. We estimated IR based on the insulin levels and HOMA analyses, not on euglycemic insulin clamp analyses.
Conclusion
Our findings support that even in an Asian normotensive, euglycemic male population, WC and SBP appear to be independent predictors of cardiovascular risk markers such as MA. Therefore, clinicians should be observant regarding abdominal obesity and SBP even in men with or without hypertension and diabetes.
